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(57) Abstract 



A data transmission system including a telephone service subscriber loop utilized for transmission of data including telephone service 
signals; a splitter operable for splitting the subscriber loop into a first transmission path including a low pass filter which accommodates a 
continuation of telephone service signal transmissions along the subscriber loop and a second transmission path, said second transmission 
path including a capacitive element for attenuating the telephone service signals; and a digital subscriber loop transceiver coupled to the 
second transmission path for implementing high rate digital data transmission over the subscriber loop, the transceiver including a frontend 
processing circuit having a transmit path and a receive path, at least said receive path comprising a high pass filter for further attenuating 
said telephone service signals. The capacitive element in the second transmission path and the high pass filter in the receive path of the 
transceiver frontend operate in conjunction to maintain transhybrid loss. 
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and inductor coils 185, 186. Since the cutoff frequencies 
are in the low kHz range f these coils will be expensive and 
physically large. Thus, the splitter filters contribute 
significantly to the cost and size of the overall design. 
5 The splitter LPF 16 is assumed to have a pass band edge above 
the POTS band. 

xDSL systems are often duplex systems, in which data is 
transmitted simultaneously in both directions over a single 
loop. The transmit and receive signals can be assigned to 
10 separate frequency bands, making an FDM system, or they can 
occupy overlapping bands, making an echo cancelled system. 
An exemplary block diagram of a typical xDSL transceiver 12 
is shown in Fig. 2. The transceiver includes a frontend 
processor 20 and digital processing circuits 21, which in 
15 turn are coupled to the remainder of the transceiver 
circuitry. The digital processing circuits provide for the 
digital signal processing functions, such as modulation, 
echo cancellation, and equalization. The significance of 
the present invention is greatest for, although not 
20 exclusive to, the case when the spectra of the transmit and 
receive signals overlap somewhat in frequency. This will be 
the case if the system is echo cancelled, or if the signals 
have sidelobes that fall into the band of the other signal. 
The frontend includes a transmit channel having a 
25 digital-to-analog converter 22, transmit filters 23 and a 
driver 24. The frontend also has a receive channel that 
includes an analog-to-digital converter 25, a programmable 
gain amplifier 26 and receive filters 27. The transmit and 
receive channels are coupled to a hybrid circuit 28 for 
30 connection to the telephone loop. 

After digital processing, a transmit signal is 
converted to an analog signal by the DAC 22. In certain 
cases, some filtering also will be required by the transmit 
filters 23. Reasons for filtering include attenuation of 
35 spectral content of the transmit signal in the band of the 
receive signal, or to attenuate images resulting from the 
DAC operation so as to reduce power content at frequencies 
above the assigned xDSL band. The driver 24 is used to 
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amplify the transmit signal to the level desired for 
transmission across the loop. 

A conventional hybrid circuit is shown in Fig, . 3. The 
purpose of the hybrid circuit is to provide a coupling of 
5 both the transmit and receive paths of the xDSL transceiver 
onto a single loop. The hybrid output of the receive path 
of the xDSL transceiver will thus be made up of both the 
desired and signal from the loop and components of the 
undesired signal from the transmit path* The transmit 

10 signal is first passed through an amplifier with a low 
output impedance, and then converted to differential form by 
the transformer. The remainder of the circuit serves to 
provide a large transhybrid loss. 

The transhybrid loss is the ratio of the signal power 

15 being transmitted to the portion of that power that leaks 
into the receive path of the same transceiver. When the 
hybrid is connected directly to the loop, the transmit 
voltage coupled onto the loop is dependent on the impedance 
seen looking into the loop* By including a matching circuit 

20 in the hybrid that approximates this impedance, an estimate 
of the voltage being coupled onto the loop is generated and 
subtracted from the received signal. With reference to Fig. 
3 and assuming the voltage received from the loop is zero, 
the transhybrid loss is 

25 L Ta = V T /V R = ((R t +Z b )(R t +Z 1 ))/Rt(2 b -Z 1 ). 

Thus, if Z B is a very good approximation of Z lr the 
transhybrid loss will be large. 

The voltage coupled to the loop will be a function of 
the impedance Zl, which for the case of 9 kft of 2 6 wire is 

30 shown in Fig. 4. This impedance can be well matched using 
the rather simple hybrid matching circuit 50 of Fig. 5, 
which also works well for other loop gauges. As a result, 
the portion of the differential voltage V2 due to the 
transmit signal will be small, yielding a large transhybrid 

35 loss at the output of the subtracter. The matching circuit 
includes a resistance R2 in parallel with a capacitance C2 , 
which is in turn in series with a resistance Rl and a 
capacitance CI . 
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In the receive path, the hybrid output is filtered to 
limit noise, and possibly to also further attenuate the 
residual signal from the transmit path. The latter will be 
desirable even if the transhybrid loss is large because 
5 attenuation can be such that the leakage from the transmit 
signal may still be significant relative to the desired 
signal. Such filtering would allow more of the dynamic 
range of the ADC to be used for the desired signal. The PGA 
26 is then used to ensure that the input to the ADC 25 uses 

10 the full dynamic range of the ADC. 

When a POTS splitter is connected between the hybrid 
and the loop , however , the impedance Z 1 is altered , which 
has significant implications; xDSL systems typically use a 
sufficient guard band between the POTS and xDSL bands such 

15 that the change in impedance in the xDSL band is dominated 
by the HPF. Fig. 6 shows an example of the impedance 
looking out of the hybrid for the system of Fig. 3 augmented 
with a splitter whose HPF is a 4th order passive filter with 
cutoff of approximately 25 kHz. Relative to Fig. 4, a 

2 0 significant change in impedance can be seen for frequencies 
below about 125 kHz. 

If this impedance change is not taken into account, a 
reduction in transhybrid loss results- Since the desired 
signal can be strongly attenuated by the loop, this can lead 

25 to the receive signal consisting in large part of the 
unwanted transmit signal. One effect is that the receive 
path filter must be able to handle the larger input dynamic 
range . 

If there is no overlap in frequency of the desired and 
30 undesired signals, then the receive path filters can be used 
to remove the undesired signal. However, the increased 
dynamic range requirements of the filter will result in 
higher cost and power consumption. The situation is further 
complicated if there is frequency overlap, wherein the 
35 reduction in transhybrid lows can lead to a significant 
increase in system complexity and/or a loss in performance. 
Specifically, the larger echo signal will increase the 
quantization noise of the ADC relative to the desired 
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signal. Thus, it is desirable to provide some means for a 
large transhybrid loss when the splitter is included. 

N SUMMARY OF THE INVENTION 
5 Accordingly, the present invention provides a data 

transmission system including a telephone service subscriber 
loop utilized for transmission of data including telephone 
service signals; a splitter operable for splitting the 
subscriber loop into a first transmission path including a 

10 low pass filter which accommodates a continuation of 
telephone service signal transmissions along the subscriber 
loop and a second transmission path, said second 
transmission path including a capacitive element for 
attenuating the telephone service signals; and a digital 

15 subscriber loop transceiver coupled to the second 
transmission path for implementing high rate digital data 
transmission over the subscriber loop, the transceiver 
including a frontend processing circuit having a transmit 
path and a receive path, at least said receive path 

20 comprising a high pass filter for further attenuating said 
telephone service signals. The capacitive element in the 
second transmission path and the high pass filter in the 
receive path of the transceiver frontend operate in 
conjunction to maintain transhybrid loss. The combination 

25 of the capacitive element in the second transmit path and 
the high pass filter in the receive path of the transceiver 
frontend serve to maintain both the transhybrid loss 
relative to a system with no splitter with no additional 
hardware in the hybrid circuit, and the dynamic range of the 

30 ADC of the transceiver frontend relative to the desired 
signal . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A shows a block diagram of conventional splitter 
35 utilized to couple a DSL transceiver to a POTS loop; Fig, IB 
shows a schematic of a conventional high pass filter; 

Fig. 2 shows a block diagram of a portion of a 
conventional DSL transceiver; 
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Fig. 3. shows a conventional hybrid circuit; 

Fig. 4 shows a graph of the impedance associated with 
a hybrid circuit of the transceiver frontend without using 
a splitter for a typical loop with bridge taps; 
5 Fig* 5 shows an exemplary hybrid matching circuit; 

Fig. 6 shows a graph of the impedance associated with 
the hybrid circuit using the splitter of Fig. 1; 

Fig. 7 shows an exemplary operational block diagram of 
a splitter in accordance with the present invention used to 
10 couple a DSL transceiver tt> a POTS loop; 

Fig. 8 shows an exemplary block diagram of a 
transceiver frontend in accordance with the present 
invention; 

Fig. 9 shows an alternate embodiment of the present 
15 invention; and 

Fig. 10 shows a graph of a transfer function from the 
loop to an ADSL transceiver using the splitter of Fig. 7. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

20 The present invention involves modifications to the 

splitter and/or transceiver that would result in the same 
transhybrid loss when a splitter is present as when a 
splitter is not used. A first exemplary embodiment includes 
replacing the splitter high pass filter with coupling 

25 capacitors, and a second exemplary embodiment includes 
adding high pass filters to the xDSL transceiver. 

Accordingly, with reference to Fig. 7, an exemplary 
block diagram illustrating similar components presented in 
Fig. 1 including the first embodiment of the present 

30 invention in which a pair of series capacitances 60, 62 are 
provided in the line between the loop 17 ar the transceiver 
12. The capacitances take the place of tht- nigh pass filter 
18. 

Fig. 8 shows an exemplary block diagram of a 
35 transceiver 12 as shown in Fig. 2 and including the second 
exemplary embodiment in which high pass filters 70 and 72 
are implemented in the transmit and receive channels, 
respectively, of the frontend 20. 
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As stated previously, filtering is required between the 
loop 17 and the DSL transceiver 12 in order to attenuate the 
large POTS signaling voltages. It will be appreciated that 
the DSL transceiver acts as a resistive termination 
5 (typically between 100 and 135 Ohms), the series capacitors 
60 , 62 of Fig. 7 give an equivalent 1st order RC HPF between 
the DSL transceiver and the loop. With proper choice of the 
capacitor values, the receive voltage due to POTS signalling 
can be made small compared to that due to the transmit 

10 signal were a reduction in transhybrid loss allowed. 

The first exemplary embodiment of Fig. 7 has two 
associated significant advantages. First, the same 

transhybrid loss as for the case of no splitter can be 
achieved by placing the capacitors 60 and 62 in series with 

15 the matching circuit of Fig. 5. Furthermore, since the 
matching circuit already has a series capacitance, the 
additional capacitance can be implemented through a simple 
component change of the series capacitance cl of Fig. 5. 
Thus, a transhybrid loss equal to that with no splitter can 

20 be achieved with no additional hardware. The second 
advantage is the removal of the inductors of a conventional 
implementation of the HPF 18, which reduces both the cost 
and si2e of the overall design. 

The attenuation provided by the coupling capacitors 60, 

25 62 will be less than the conventional splitter. This can 
have implications on the filtering requirements in the 
transceiver. Specifications such as presented in American 
National Standard Institute, -Asymmetric digital subscriber 
line (ADSL) metallic interface", T1E1 .4/95-007R2, outline 

30 the allowable interference from an xDSL signal in the POTS 
band. 

If the transmit signal in combination with the splitter 
of Fig. 7 does not already meet these requirements, then an 
additional HPF (either analog or digital) will be required. 
35 Furthermore, although proper choice of the capacitor values 
will ensure that the POTS signalling voltages will be 
attenuated sufficiently to prevent saturation, contributions 
in the millivolt rms range will still occur. If the 
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resulting reduction in the dynamic range relative to the 
desired signal at the ADC is deemed significant, then an 
additional HPF in the receive path of the transceiver 
frontend before the PGA will be necessary, as shown in Fig, 
5 8. Despite the possible need for additional HPFs in the 
transceiver, these filters can be implemented using active 
discrete components or even integrated in custom silicon, 
which represents a significant reduction in cost and size 
relative to conventional designs. 

10 Another exemplary embodiment of the present invention 

shown in Fig. 9 involves using the conventional splitter of 
Fig. 1 and adding a duplicate copy of the conventional HPF 
used in the splitter in parallel with the hybrid matching 
circuit of Fig. 5. This embodiment will also maintain the 

15 transhybrid loss, but is less attractive due to the cost and 
size associated with the conventional HPF. If it were 
desired to modify the matching circuit to match the 
impedance of Fig. 6 below 100 kHz, it would be necessary to 
place a copy of the splitter HPF in series with the matching 

20 circuit of Fig. 5. The low cutoff frequency of this filter 
combined with the large input voltages that it must tolerate 
make this filter physically large and expensive to 
integrate. Thus, a modification of the matching circuit 
alone would require an increase in complexity and make an 

25 integrated solution for the hybrid prohibitively expensive. 
An exemplary embodiment of the present invention will 
be illustrated for a system that transmits POTS and 
Asymmetric Digital Subscriber Line (ADSL) signals over the 
same twisted pair. The ADSL system is designeB to transport 

30 up to 6 Mbps downstream from the telephone company's central 
office (CO) to a remote terminal ( RT ) in the home or office. 
The reverse (upstream) channel is required to transport a 
much lower rate, on the order of several hundred kbps. The 
transmission technique is discrete multitone (DMT), as 

35 defined in the ANSI T1E1.413 standard mentioned above. DMT 
breaks the transmission bandwidth, which extends out to 1.1 
MHz, into 2S6 bands (also called bins) 4.3125 kHz wide. Bin 
n is thus centered at n x 4.3124 kHz. Each bin is modulated 
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with a different QAM symbol. The spectrum of a bin has a 
sin(x)/x characteristic, and thus has content, called 
sidelobes, in all other bins. 

In order t6 allow for a guard band between POTs an 
5 ADSL, bin 8 centered at 34.5 kHz is the first bin which is 
modulated with a non-zero symbol. Bins 8 and above do, 
however, have spectral content in the POTS band. A 2nd 
order Bessel HPF with cutoff frequency of 32 kHz in 
combination with the splitter of Fig. 7 provides sufficient 

10 attenuation in the POTs band to satisfy the requirements in 
the ANSI standards described above. 

The ADSL transceiver is designed to acfi as an 120 Ohm 
resistive termination. By setting the capacitance value of 
Fig. 6 to 100 nF, the transfer function from the loop to the 

15 ADSL transceiver will be as shown in Fig. 10. The two 
greatest sources of voltage from POTS signalling are the 
tones sent for ringing and to indicate ringer -of f-hook. The 
ringing voltage can be as high as 15 0 Vrms at a frequency as 
high as 68 Hz. the ringing voltage coupled to the ADSL 

20 transceiver after attenuation by the RC filter will be 37 m \ 
Vrms . The ringer-off-hook signal can have as much as 3 dBm 
of power at frequencies of 1400, 2060, 2450, and 2600 Hz. 
This translates to a total voltage coupled to the ADSL 
transceiver of 38 m Vrms. Since these signals are 

25 sinusoids, the peak voltage for both of these cases is about 
50 m Vpp. By setting the dynamic range of the ADSL 
transceiver frontend to several volts, the influence on 
dynamic range of the POTS signals are made small. A 2nd 
order Bessel HPF, as the transmit path, can then be used to 

30 reduce the POTs voltage to the microvolt range. 

Using the present invention including the above 
mentioned two 2nd order Bessel HPFs, no significant 
reduction in performance of the xDSL modem is observed 
relative to the case where neither POTS nor a splitter is 

35 present . 

The foregoing description has been set forth to 
illustrate the invention and is not intended to be limiting. 
Since modifications of the described embodiments 
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incorporating the spirit and substance of the invention may 
occur to persons skilled in the art, the scope of the 
invention should be limited solely with reference to the 
appended claims atid equivalents thereof* 

What is claimed is: 
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CLAIMS 

1 1. A data transmission system comprising: 

2 a telephone service subscriber loop utilized for 

3 transmission of data including telephone service signals; 

4 a splitter operable for splitting the subscriber loop 

5 into a first transmission path including a low pass filter 

6 which accommodates a continuation of telephone service 

7 signal transmissions along said subscriber loop and a second 

8 transmission path, said second transmission path including 

9 a capacitive element for attenuating said telephone service 

10 signals; and 

11 a digital subscriber loop transceiver coupled to said 

12 second transmission path for implementing high rate digital 

13 data transmission over said subscriber loop, said 

14 transceiver including a frontend processing circuit having 

15 a transmit path and a receive path, wherein 

16 said capacitive element in said second transmission 

17 path operates to maintain transhybrid loss. 

1 2. A data transmission system comprising: 

2 a telephone service subscriber loop utilized for 

3 transmission of data including telephone service signals; 

4 a splitter operable for splitting the subscriber loop 

5 into a first transmission path including a low pass filter 

6 which accommodates a continuation of telephone service 

7 signal transmissions along said subscriber loop and a second 

8 transmission path, said second transmission path including 

9 a capacitive element for attenuating said telephone service 

10 signals; and 

11 a digital subscriber loop transceiver coupled to said 

12 second transmission path for implementing high rate digital 

13 data transmission over said subscriber loop, said 

14 transceiver including a frontend processing circuit having 

15 a transmit path and a receive path, at least said receive 

16 path comprising a high pass filter for further attenuating 

17 said telephone service signals, wherein 

18 said capacitive element in said second transmission 

19 path and said high pass filter in said receive path of said 
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20 transceiver frontend operate in conjunction to maintain 

21 transhybrid loss. 

1 3 • A data transmission system comprising: 

2 a telephone service subscriber loop utilized for 

3 transmission of data including telephone service signals; 

4 a splitter operable for splitting the subscriber loop 

5 into a first transmission path including a low pass filter 

6 which accommodates a continuation of telephone service 

7 signal transmissions along said subscriber loop and a second 

8 transmission path including a first high pass filter for 

9 attenuating said telephone service signals and 

10 a digital subscriber loop transceiver ''coupled to said 

11 second transmission path for implementing high rate digital 

12 data transmission over said subscriber loop, said 

13 transceiver including a frontend processing circuit having 

14 a transmit path and a receive path coupled to said splitter 

15 via a hybrid circuit, said hybrid circuit including an 

16 impedance matching circuit and a second high pass filter in 

17 series, wherein 

18 said first and second high pass filters and said 

19 impedance matching circuit operate in conjunction to 

20 maintain transhybrid loss. 
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